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Sema3A/Npn-1 signaling regulates periocular neural crest migration
into the eye and is necessary for the proper formation of the cornea.
doi:10.1016/j.ydbio.2008.05.271
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Neural crest cells in the vertebrate trunk emerge from the dorsal
neural tube and migrate segmentally through the anterior half of each
somite. These cells condense to form the segmental ganglia of the
peripheral nervous system (PNS), the dorsal root ganglia (DRGs) and the
sympathetic ganglia. The signals that guide trunk PNS segmentation are
not completely understood. We previously showed that the receptor
Neuropilin 2 (Nrp2) on neural crest cells and the repellent ligand Sema-
phorin 3F (Sema3F) in the posterior somite are required for segmental
neural crestmigration.However, neural crest cells still form individualized
DRGs inNrp2 or Sema3Fmutants, indicating that a second signal patterns
segmental gangliogenesis. Here we show that mice double mutant for
Nrp2 and Neuropilin 1 signaling through Semaphorin 3A (Nrp1Sema−)
exhibit fused DRGs. Although neural crest cells form metameric DRGs in
Nrp1Sema−mutant mice, this is likely due to the fact that they are already
present in a segmental pattern as a result of Nrp2/Sema3F signaling. Mo-
torneurons, which also project into the anterior somite, likewise require
Nrp2/Sema3F for their initial segmental guidance and Nrp1/Sema3A for
fasciculation into metameric ventral roots. Additionally, projections of
peripheral nerves are severely disorganized in Nrp1Sema−−/−;Nrp2−/−
embryos. Together these data show that sequential neuropilin signaling
patterns trunk PNS segmentation,withNrp2/Sema3F providing the initial
guidance cue for both sensory and motor components.
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Role of frizzled 3, a planar cell polarity gene, in sympathetic
nervous system development
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Nervous system function depends on the accurate formationof neural
connections established during development through processes such as
neuronal survival, axon growth and guidance and target innervation.
Recently, planar cell polarity (PCP) genes have been shown to be involved
in axon growth and guidance in the vertebrate central nervous system.
Speciﬁcally, embryonic mice lacking frizzled 3 (fzd3−/−), a homolog of
Drosophila PCP genes, lackmajor axon tracts in the brain. Themechanism
of action of fzd3 and other PCP genes in neuronal development remains
unknown. To determine the function of fzd3, we examined the deve-
lopment of the sympathetic nervous system, a branch of the peripheral
nervous system, in fzd3−/− embryonic mice. Using tyrosine hydroxylase
staining to visualize sympathetic neurons, we show that during target
innervation, sympathetic chain ganglia of fzd3−/− mice are severely re-
duced in size and fail to fully innervate their targets. Before target
innervation, however, sympathetic ganglia of fzd3−/− mice are compa-
rable in size to their fzd3+/+ littermates. The overall segmented orga-
nization of fzd3−/− sympathetic ganglia is unaffected suggesting that
neuronal migration is not impaired by the loss of fzd3. Additionally,
explant and dissociated neuronal cultures of fzd3−/− sympathetic ganglia
growandbranch similar toneurons fromfzd3+/+mice. Thesepreliminary
results suggest that fzd3−/− sympathetic neurons can grow but cannot
respond to target-derived trophic cues. We are currently addressing
whether fzd3 is required for the abilityof target-derivedgrowth factors to
support survival or growth of developing sympathetic neurons.
doi:10.1016/j.ydbio.2008.05.273
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Parietal endodermmigration is directed by the planar cell polarity
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Parietal extraembryonic endoderm (PE) contributes to the yolk sac
and is the ﬁrst migratory cell type in the mammalian embryo. We can
study this event in vitro using F9 teratocarcinoma cells. F9 cells can form
embryoid bodies (EBs) consisting of an inner core of stem cells,
surrounded by an outer layer of visceral endoderm (VE). When EBs are
plated, PE migrates away from the EB as a sheet of cells, enriched in
migratory and adhesion structures. Time lapse imaging revealed that PE
cells migrate in a manner reminiscent of convergent extension. To exa-
mine if PE migration is regulated by the PCP pathway, we ﬁrst deter-
minedwhether cells were polarized in the direction ofmigration. Based
on Golgi localization and microtubule organization, 68.6% of the out-
growth cells are oriented in the direction of migration. Perturbation of
theWntpathwayusing sFRP increasesmigration distance anddecreases
cell orientation. sFRP treated cells also lack focal adhesions and actin
cytoskeleton organization. Inhibition at the level of Daam1 results in
increased migration and loss of oriented migration, similar to sFRP
treatment. Our previous data showed that Rho/ROCK inhibition results
in increased migration, and we now show that these cells also lack
oriented migration. Data suggest no role for Rac or canonical Wnt
signaling in oriented PE migration. These data suggest that the PCP
pathway through Rho modulates oriented migration of PE. We hypo-
thesize thatWnts are expressed in either the stem core or VE, and the PE
by migrates away from the signal. Preliminary data suggest that Wnt3a
and Wnts7a/b are candidates for the repulsive signal.
doi:10.1016/j.ydbio.2008.05.274
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Dynamics of collective cell migration under cell density
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We investigate the dynamics of collective ﬁbroblast cell migration
under cell density heterogeneity using digital time-lapse phase
contrast microscopy. Initially, the spatial heterogeneity is generated
by scrubbing off a narrow strip of cells from a sample with homo-
geneously packed cells. The migration of the cells into the strip is
accompanied by cell collisions with the extension and contraction of
the lamellipodium. The depletion of cell density propagates toward the
high cell density region and affects the reorganization of thewhole cell
network. From the spatiotemporal correlation between the trajectories
of pairs of cells located at different positions from the strip boundary
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